An original multi-parameter system has been used to study the nature of dust in the ambient air, particularly the total ®bers and asbestos ®bers, in eight areas of the Institut de Physique de Globe de Paris (France). These analyses provide a detailed case study of environmental pollution by asbestos ®bers at low levels. The levels of total ®bers with a length greater than 3 m mm, measured with a real time ®ber analyser monitor (FAM), give a baseline of 2.5 ®bers per l., throughout the duration of sampling. The same levels, calculated during periods of eective presence of sta, are smaller than 10 fb per l. During these periods, the instantaneous value can show high peaks, reaching a maximum of 60 fb per l., but more often of about 5 to 10 fb per l. A direct cause and eect relationship exists between ®ber concentrations and the presence of people, and indirectly with the variation of the other environmental parameters (temperature, humidity, air velocity). The baseline concentration of asbestos ®bers, determined by analytical transmission electron microscopy (ATEM), is about 10 À1 fb per l., with a mean value during the presence of people always less than 1.5 fb per l. The low levels of asbestos ®bers do not allow us to establish a precise correlation between the concentration of total ®bers and the asbestos concentration, but a rough estimate suggests that asbestos could represent 10±20% of the airborne ®bers monitored with the FAM. The statistical study of ®ber sizes shows that 70 and 55% of analyzed chrysotile and amosite ®bers respectively are smaller than 5 m mm. These numbers are 40 and 35% for ®bers smaller than 3 m mm, which are undetected by the FAM. Amosite, which characterizes most of the asbestos-containing materials (ACM) in the analyzed areas, is detected in the ambient air in quantities ten times less important than chrysotile. The low asbestos levels and the dierence between the nature of building asbestos and airborne ®bers, show that the mean measured asbestos contents in the ambient air represent the geochemical background of chrysotile asbestos ®bers in the Parisian air. #
INTRODUCTION
Since, in numerous countries, asbestos is subjected to controls that limit exposures to it, pollution of ambient air by asbestos ®bers has been the subject of numerous studies (e.g. Health Eects Institute, 1991) . French regulations impose special monitoring of the air of buildings in which ACM was used, when the concentration of asbestos ®bers exceeds 5 fb per l., and imposes building works above 25 fb per l. (decree no.96±97, February 7 1997) . There is therefore a need to get a better fundamental understanding of asbestos monitoring in ambient air of buildings in which concentrations of ®bers are relatively low, and to determine what factors can in¯u-ence the mobility of ®bers. For this purpose, we have studied the environmental pollution of ambient air, especially by ®brous dust, in eight sites of the Institut de Physique du Globe de Paris (IPGP) part of the University of Sciences of Jussieu. These analyses provide a detailed case study of environmental pollution by asbestos ®bers at low levels, a situation now commonly encountered in numerous buildings. The main building of the University is a 5-storey building built on piles and with a metallic structure. Vertical asbestos sprayed beams are hidden in cupboards, used as technical cupboard and storage units, and horizontal asbestos sprayed beams are hidden by perforated metal double ceilings. However, the sites are now characterized by asbestos spray-on ®reproo®ng, not directly in contact with the ambient air, the protection being insured by emergency works, carried out in early 1997, which involved the blocking up of technical cupboards, the laying of plastic ®lm on the ceilings, and the removal of blinds, until the asbestos was totally removed. The levels of total ®bers were recorded with a real-time ®ber analyser monitor (FAM), and the counting of asbestos ®bers was done a posteriori by analytical transmission electron microscopy (ATEM), using an indirect preparation method. In order to assess the particular features of relatively low ®ber concentrations in the environment, this study had several characteristics. It was systematic, over a large time scale of 9 months, with individual sampling periods over 3 weeks, subdivided into three samples of the order of 1 week (that is also a long time scale since the legislation recommends a sampling of 8 h a day, during working time, during 5 days), taking into consideration environmental parameters which may aect the measurements, such as temperature, humidity, turbulence of the ambient air and the presence of moving people in the room where the sampling was done. The main purpose was thus to evaluate quantitatively the ratios between the levels of all ®bers and the levels of asbestos ®bers, as well as variations with measured environmental parameters. The selected sites (workroom, laboratories, corridors, oces, libraries) are representative of the whole of the Jussieu Campus. Before the emergency works, the Campus was inspected and the level of protection against asbestos of the premises was assessed on a scale of 1 (very low level of protection, 58% of the premises of the Jussieu Campus) to 4 (good level of protection, which does not exist on the Jussieu Campus). For the selected sites, the assessment are : 1 for the samples 1424106, 1424207 and 5354510, 2 for the sample 1424R4, 3 for the sample 1415108, and 3 + for the sample 2616c3 (Rapport SETEC, 1995) . Samples``Parking lot'' and``1626ss17'' come from sites without asbestos spray-on ®reproo®ng materials. The building heating is done by the¯oor and there is no ventilation or air-conditioning system.
METHODS
The asbestos observatory is composed, on the same stand, of: 1. A real-time ®ber analyser monitor (MIE Model FM7400) for level of all ®bers. This instrument is based on electric-®eld-induced ®ber alignment and oscillation combined with light scattering analysis. A pump with a constant¯ow rate value of 2 l per min samples the ambient air. A part of the¯ow (the total sampling¯owrate is 2 l per min but the sensed¯owrate is 10 cm 3 per min, the analysed volume is 0.6 l in 60 min and 1 l in 100 min) is directed to the sensing stage consisting of an electric ®eld quadrupole and a photodetector. A polarised helium±neon laser provides an illumination beam centred on the¯ow tube. The electric ®eld quadrupole is driven by DC and AC. The photomultiplier tube detects the characteristic light scattering pulses resulting from the rapid oscillation of the aligned ®bers passing along the laser beam. All ®bers are selectively detected and counted in real time. A signal processing technique rejects all waveforms that do not match the characteristic frequency, phase and shape of pulses produced by oscillating ®bers and signal produced by non-®brous dust. The frequency of oscillation is greater than alternating current, so HVAC system does not have any eect. The ®ber diameter detectability range is 0.2 to 20 mm. The ®ber length detectability range is 3 to 300 mm with a selectable ®ber minimal length counting criterion (> 3, 5, 10 or 20 mm). We used the maximum sensitivity and then ®xed the threshold of counting at 3 mm. For each ®ber, the criterion length/width > 3 was always checked. The concentrations are given with a precision of 25%. The instrument was factory calibrated with asbestos ®bers before our study and a second factory calibration was performed after our 9-month observation campaign to check that no drift in detection performances occurred during this period of time. These two calibrations of the FAM were done by Monitoring Instrument for the Environment, Inc. (MIE) and the results (three tests for each calibration) show the good reproductibility of the measurements (Fig. 1) (Kauer et al., 1996a) . This sampling head is placed next to the FAM and it runs for the same time. The particles are collected by sucking (controlled¯ow rate of 7 l per min) a certain volume of air across cellulose ester ®lters with a diameter of 37 mm and a 0.45 mm mesh. A special design ensures omnidirectional inspiration, and a rejection of large particles, and it has been shown that the distribution of the dust deposited on the ®lters sampled with this sampling head was homogeneous (Kauer et al., 1996a) so that any part of the ®lter can be used to prepare the ATEM grids.
Measurement of asbestos ®ber content on the ®l-ters and the determination of dimensions are performed by Analytical Transmission Electron Microscopy (ATEM). Two methods can be used to prepare samples for ATEM, the direct-transfer technique and the indirect-transfer technique. We used the indirect-transfer method as noti®ed by the preparation and counting standard AFNOR NF X 43-050 (Norme AFNOR 1996) . A part of the ®lter is burnt in an oxygen plasma reactor, to eliminate non-mineral particles and the ®lter. We generally took a quarter of the initial ®lter, the remainder being kept for possible control or inter-comparison. The residue which contains the mineral particles is put in suspension in ®ltered distilled water and then, without any ultrasonic treatment, spread by ®ltration over a polycarbonate membrane which is carbon coated before and after the ®ltration. A part of this membrane is placed on copper grids and dissolved with chloroform, to transfer the particles, packed in the carbon, onto the grid. A grid is put in a double-tilt specimen holder which allows the sample to be oriented to any crystallographic direction of the particles during ATEM study. The ATEM grid has 42 indexed openings, which themselves contain six small holes so that it is possible to locate precisely every particle. Normally, the observation has to be done at least over four openings of the grid and continues until at least 100 structures have been counted. On our grids, the number of ®bers was lower than 100, even on the total surface of the grid. The complete scan is very long and to reduce the observation time, we generally scanned 10 grid openings, that is a scan surface of Multi-parameter observation of environmental asbestos pollution , on each grid. Grid openings as a ®eld of counting were taken at random after the observation of the grid at a low magni®cation to check if they were intact and suitable for detailed study at higher magni®cation. For each sample, we studied two grids which represent the border and the center of the membrane after ®ltration. We can thus take into account a possible heterogeneity of the particles due to repartitioning during ®ltration. Each structure was generally identi®ed from its morphology, crystallography (diraction pattern) and chemical composition (Energy-dispersive X-ray (EDX) microanalysis), obtained with a JEOL 2000EX transmission electron microscope, operating at 200KeV, equiped with a Tracor TN 5400 FX EDX system. We counted all ®bers regardless of size and we distinguished: (1) ®bers longer than 5 mm, according to the standard (Norme AFNOR 1996) by which smaller ®bers are disregarded; (2) ®bers longer than 3 mm, to compare our ATEM results with FAM results, the threshold of which was ®xed to this minimum value; and (3) ®bers smaller than 3 mm, to have a complete inventory of asbestos ®bers present and to estimate if the disaggregation of ®bers was important. In all the samples, a lot of ®bers, diering from asbestos (gypsum, glass ®bers, pyroxene and oxide rods, F F F) were identi®ed and characterized, but not counted.
From the number of ®bers on the grid, the concentration in asbestos ®bers per l is:
with N x =number of asbestos ®bers, S = ®ltration surface area, s = scanned surface area and V = volume of air passed through the part of the ®lter used to prepare the ATEM grid. The concentration is given as C 1 < C < C 2 : from the number of counted ®bers on the grid, the lower and upper 95% con®dence limits (Norme AFNOR 1996 p.19) represent the numbers N 1 and N 2 used to derive lower and upper boundaries C 1 and C 2 . In order to validate our sample preparation and ®ber-counting methods, two ®lters were studied by the Bureau de Recherche GeÂ ologiques et MinieÁ res (BRGM, OrleÂ ans, France), which is accredited for TEM analysis of asbestos, according to French regulations. A quarter of each ®lter was analyzed at the BRGM whereas we analysed another quarter. Taking into account the error bars due to the very small number of asbestos ®bers, our results are found in agreement with those obtained at the BRGM (Table 1 , samples``5354510D'' and`1 415108B'').
There has been considerable controversy in recent years about the validity of asbestos concentration determined by indirect sample preparation method as speci®ed in various measurement protocols. For some authors, one possible problem with the indirect sample transfer method is ®ber loss during the various stages of sample transfer (Sahle and Laszlo, 1996; Kauer et al., 1996b) . However, this was found dicult to estimate as dierent variables could play dierent roles. The question has already been discussed in the literature but the answers are often con¯icting. In fact, all the comparative studies have shown that the indirect transfer method always gives counts greater than the direct method, indicating no loss of ®ber during the preparation. The dierence in the ®ber concentrations measured by the direct and indirect methods (without any ultrasonic treatement) decreases as the ®bers get longer (Kauer et al., 1996b) . The large, positive, asbestos concentration bias resulting from indirect preparation is widely recognized but poorly understood. However, we tried to check whether we lost or added ®bers during the preparation. In the plasma reactor, a blank ®lter burnt with an other loaded ®lter, did not show any asbestos ®ber in TEM. We also checked by TEM that the water collected after ®ltration was not contaminated by ®bers. A loss of ®ber during the dissolving with chloroform of the membrane would be immediately apparent on the TEM image as a regularly shaped area of high electron transmission due to carbon ®lm rupturing around the edges of the ®ber resulting in the loss of both the ®ber and the ®lm. We indeed saw a few cases like this but in too small amounts to aect the results. The carbon ®lm seems to be remarkably robust and can deal with ®lter loadings much denser than would be considered suitable for analysis (Burdett, 1983) . Therefore, our results support that neither gain nor loss of ®bers occured during the indirect transfer method.
RESULTS

Real-time FAM study of all ®bers
The results can be presented either as total number of collected ®bers, or as the mean ®ber concentration for the entire duration of sampling (Table  I) , or as instaneous concentrations as a function of time (moving average calculated over a period of 60 min with 1 min shift). In all locations sampled, the mean concentration of all ®bers longer than 3 mm is less than 2.5 fb per l. Figure 2 shows the results obtained for set 1424207, a typical sample. For this example, the FAM concentration of ®bers for the time of measurement, is 0.79 2 0.04 fb per l and the maximum instantaneous concentration, in the presence of persons, does not exceed 15 fb per l. In other samples, we sometimes observed pollution peaks up to 60 fb per l. It is also evident from Fig.  2 that a direct cause and eect link exists between the presence of people and the number of ®bers in air. Correlations existing with the other parameters can be explained by simple mechanisms. For example, the presence of people during the day is correlated with higher temperatures, therefore resulting in an indirect correlation between the number of ®bers and temperature. These other parameters do not seem to have individually a direct detectable eect on the number of ®bers. Figure 3 shows, for each sample, the coecients of correlation between the dierent parameters studied. For the variation of the dierent parameters with time, the diagrams (Fig. 2) are drawn up with a movable average over 60 min, with 1 min shift, and the coecients of correlation (Fig. 3) are calculated from those diagrams. Using a movable average over 100 min produces smoother curves, and hence better coecients of correlation. Figure 2 shows the comparison, for the sample 1424207, of the concentrations obtained with averages over 60 and 100 min.
The fact that only the presence of people has a signi®cant eect on the concentrations, leads us to conclude that the ®bers counted with the FAM Fig. 2 . Example of time variation of the dierent parameters studied (sample 1424207).
Multi-parameter observation of environmental asbestos pollution 533 come principally from clothes and carpets (organic ®bers destroyed in the plasma reactor), or from the resuspension of ®bers from ambient dust (on thē oor, furniture, books, etc. F F F).
For all these observations, we used the maximum FAM sensitivity and counted all ®bers with length greater than 3 mm. Figure 4 , which presents recorded concentrations depending on whether ®bers greater than 3 or 5 mm are counted, clearly shows that a majority of ®bers of all natures, have a length smaller than 5 mm. For this example, mean concentrations are c = 2.06 fb per l for ®bers longer than 3 mm and c = 0.25 fb per l for ®bers longer than 5 mm. Fig. 3 . Coecients of correlation between the dierent parameters studied (between 1, for a total correlation, and À1, for a total anticorrelation).
TEM study
In all the studied sites, only amosite and chrysotile have been identi®ed. Amosite was always rodshaped. For chrysotile, all the fundamental morphological structures collectively termed``®ber'' were observed: ®ber, bundle, scattered agglomerate, compact agglomerate, matrix and compact matrix. We also found small chrysotile ®bers embedded in an amorphous matrix. The observations show that the concentrations of asbestos ®bers are low at all Multi-parameter observation of environmental asbestos pollution 535 the dierent sites (Table I) , but non zero, even at sites without asbestos spray-on ®reproo®ng materials (``parking lot'' and``1626ss17'' samples). Due to the very low number of particles, only the order of magnitude, i.e. 10 À1 fb per l, should be considered.
It is widely recognized that the carcinogenicity of asbestos is strongly related to ®ber sizes. Based on animal experiments, it seems that carcinogenicity of ®bers increases as ®ber length increases and diameter decreases : in particular, ®bers thinner than 0.25 mm and longer than 8 mm show the strongest carcinogenicity (Kohyama and Kurimori, 1996) . Therefore, it is important to know the size distribution of ®bers in addition to concentrations in working environments. A statistical study of the size distribution (Fig. 5 ) of chrysotile and amosite ®bers observed on the ATEM grids shows that only 10% of asbestos in air is amosite. In general, 35± 40% of the ®bers are shorter than 3 mm and they are consequently not detected with the FAM. For chrysotile, which is the most common ®ber, 70% of the ®bers are shorter than 5 mm (55% for amosite). The norm (Norme AFNOR 1996) does not recommend counting of these ®bers which nevertheless form the majority of the samples analyzed in this study, as already ascertained by various studies on indoor and outdoor air (Howitt et al., 1993; Corn, 1994; Kohyama and Kurimori, 1996) . Among ®bers longer than 3 mm, 50% are also longer than 5 mm, in contrast to the FAM results (Fig. 4) which showed, for ®bers of all types, a large predominance of ®bers between 3 and 5 mm. Concerning the width, only some ®bers have been measured. All the ®bers have a width smaller than 5 mm. The mean widths are 0.29 and 0.86 mm respectively for chrysotile and amosite. The distribution (Fig. 5) shows that, for chrysotile, 65% of the ®bers are less than 0.2 mm in diameter and 5% for amosite. This value of 0.2 mm is the threshold of detectability for the FAM; those ®bers are thus not counted by the FAM. The size distributions of airborne chrysotile and amosite ®bers in this study (Fig. 5) are comparable with those obtained by Kohyama and Kurimori (1996, Fig.11 ) and by Ryan et al. (1996) , and show that the smallest sizes (<3 mm for the length and <0.2 mm for the width) are widely dominant. Asbestos ®ber distributions show a lognormal distribution in terms of both length and width. Such small ®bers are undetectable with the FAM. Figure 6 is a scatter graph of the size distribution of airborne asbestos found on all the ATEM grids, showing the size domain of ®ber not detected by the FAM. This result con®rms that the FAM results cannot be simply related to environmental asbestos pollution measurements. However, it can be used as an alarm signal to detect an accidental pollution.
The method of ATEM sample preparation could possibly alter the measured asbestos ®ber concentrations and introduce artefacts in the dierent results and we already discussed the use of indirect sample preparation. An other bias could be due to non-uniformity of the impregnation of the particles on the ®lter during sampling. However, a test with ®lter``1415108 C'', using two quarters which were burnt and studied separately, shows identical results (Table 1) . Potential non-uniformity could also come from uneven distribution of particles on the membrane during the ®ltration. The observation of two grids, one from the center and the other from the border of the membrane, delivered similar results. In the same way, distribution of ®bers on the TEM grids is generally homogeneous. In addition, frag- P. Besson et al. 536 mentation of the ®bers during sampling and sample preparation could lead to an overestimation of the concentration of ®bers smaller than 3 mm in the TEM study. Despite all the precautions, in particular not using ultrasonic agitation after the calcination which is known to break larger complex asbestos structures into more numerous smaller structures (Kauer et al., 1996b; Lee et al., 1995 Lee et al., , 1996 , quantitative assessement of this phenomenom remains impossible. The number of ®bers smaller than 3 mm is important but we cannot tell whether it is due to the preparation or to the normal breaking up during degradation of the asbestos-containing materials (ACM).
DISCUSSION AND CONCLUSION
Assessement of environmental pollution
The sampling for the ATEM study has been done without interruption over long periods of time, generally 1 week for individual samples, including night and day. It is a fact that the presence of people leads to a higher mobilization of the particles in air (for example Figs. 2 and 3) . Consequently, the asbestos ®bers are diluted by air pumped during the night when asbestos is not mobilized. The concentration of asbestos ®bers during personnel working hours is therefore underestimated. Our measurements represent a baseline over a long period, of the total amount of ®bers according to FAM results, and of the amount of asbestos ®bers according to the ATEM study, which integrates activities more or less important for mobilizing ®bers. It is, therefore, important to distinguish between the mean values throughout the sampling time and the mean values measured during the presence of persons (8 h working time). The critical environmental parameter, which is the asbestos concentration during working time of the sta, can be evaluated by multiplying the measured concentrations by a factor of three, to take into account only the 8 h (out of 24) during which the oces are considered as occupied. In fact, we multiplied the upper measured concentrations of ®bers greater than 5 mm, by a factor of four, in order to get an upper limit, because the record of presence of people (Fig. 2) showed that the oces are not permanently occupied even during working time. The obtained concentrations (Table 1) do not exceed 1.5 asbestos fb per l, always below the critical rate, according to French regulation, of 5 fb per l. This con®rms that this work is concerned with low levels of environmental pollution by asbestos ®bers.
Asbestos ®ber concentrations as a function of total ®ber amounts, size and asbestos type Figure 7 compares total ®ber counting with the Multi-parameter observation of environmental asbestos pollution 537 FAM and asbestos ®ber counting with ATEM (®bers greater than 3 mm). In 85% of cases, less than 20% of ®bers counted with the FAM are asbestos ®bers, but it is indeed 100% of cases if we except the two ®rst weeks of the sample``5354510''. This exception can be explained by a signi®cant contamination by asbestos during emergency works (for this sample, the air sampling was done before, during and after those works). According to Fig. 7 and to the statistical study of sizes (Figs. 5 and 6 ), a direct and simple relation between FAMmeasured and ATEM-measured concentrations does not exist. A large number of ®bers counted with the FAM are indeed organic ®bers eliminated by calcination during grid preparation. The ATEM analyses also show signi®cant proportions of nonasbestos mineral ®bers of varied nature, especially gypsum, which have not been counted. This means that the highest peak ®ber concentrations occasionally observed with the FAM might not necessarily be highly contaminated with asbestos.
Conversion of ng/m 3 into fb per l The asbestos concentrations are now commonly expressed in fb per l rather than in ng/m 3 and many converting factors have been proposed. In France, the correlation found by Bignon et al. (1989) ) and X = concentration of asbestos ®bers longer than 5 mm (fb per l). Only ®bers greater than 5 mm were taken into account because it was considered that the mass is mostly due to longer ®bers and the weight of short ®bers remains negligible, even when those ®bers are numerous (Martinon et al., 1994) . According to our statistical study of size (Table 2 ) and using densities of 3.5 and 2.5 for amosite and chrysotile respectively, the mean converting factors obtained are 10 ng per m 3 t 5 fb per l and 51 ng per m 3 t 25 fb per l for asbestos ®bers. However, it clearly appears that the nature of asbestos must be taken into account : we obtain 85 ng per m 3 t 25 fb per l for amosite and 18 ng per m 3 t 25 fb per l for chrysotile.
Correlation between airborne asbestos and ACM It is interesting to correlate the presence of a certain type of asbestos analysed in the atmosphere, with the nature of the various asbestos materials present. For this purpose, we used the results of a study carried out by the BRGM in 1983 (Rapport BRGM, 1983) , which established a map of the nature of dierent ACM present at some sites on the Jussieu campus. In addition, seven bulk samples of spray-on ®reproo®ng from sites analysed in this study were analysed by X-ray diraction. They are mainly constituted of glass ®bers, the rest being constituted of gypsum, calcite and quartz, and amosite type asbestos (chrysotile was observed in association with amosite at only one site). From those data and from the results of our study of mineral airborne particles by ATEM, we obtained Fig. 8 (a  and b) , from which we can discuss the correlations between the nature of the asbestos present in dierent ACM and airborne asbestos. We are aware that those maps may be partially wrong because ACM with dierent asbestos types can exist on the samē oor (Martinon et al., 1994) . The precise asbestos type cartography has never been established because it would require too much sampling, so we used an homogeneitiy hypothesis at the scale of a corridor for the nature of ACM and for our air samples. In any case, we notice that chrysotile is always present Multi-parameter observation of environmental asbestos pollutionin the air even when it does not exist in ACM, and that even when amosite is the only asbestos type present in the materials, it is not always detected in the ambient air. The fact that we essentially ®nd chrysotile, although most ACM in the analyzed areas are composed of amosite, could be explained by the dierence of mobilization in air of the ®bers according to their morphology and density. The rods of amosite are probably, after a rapid sedimentation, eliminated during cleaning. Remobilization of asbestos ®bers in air has been studied after removal by Ryan et al. (1996) . Datas indicated that over time, the small ®bers were preferentially exhausted from the building while the larger ®bers were preferentially resuspended from the interior surface. However, this was done regardless the type of asbestos and the dierent density between amosite and chrysotile may play an important role. It is also interesting to notice in our study, that samples taken from the underground parking lot, which does not contain ACM (``parking lot'' sample), record a high concentration, practically four times more than on the other ®lters, of ®brils of chrysotile smaller than 3 mm. This can be explained by the presence of asbestos, especially chrysotile, in dierent car accessories (for example brake plates). At such low levels of asbestos ®ber concentrations and motivated by our observations, it is pertinent to discuss possible interactions with the asbestos background level in the Parisian air. The results of a study of the Laboratoire d'E Â tude des Particules InhaleÂ es (LEPI, Paris) published in the INSERM report (Rapport INSERM 1996) show that the mean concentration of asbestos ®bers longer than 5 mm in Paris between July 1993 and March 1995 was 0.13 fb per l. The maximum concentration determined was 0.47 fb per l for ®bers longer than 5 mm and about 3 fb per l for all ®bers irrespective of size. In each case, no amosite was founded but only chrysotile ®bers. Most of the low quantities of asbestos ®bers detected in this study are indeed indistinguishable from this geochemical background. No observation, except samplè`5 354510B'', allowed us to demonstrate a speci®c signi®cant pollution by asbestos materials from the building itself. Amosite from the ACM, was found in the ambient air, but in quantities 10 times less important than chrysotile. There is a continuous low level of airborne asbestos ®bers dispersed throughout the building, corresponding to the background concentration of asbestos. Our results therefore establish quantitatively this exposure baseline for the permanent sta. This baseline can also be used to judge the eectiveness of the emergency works designed to minimize asbestos exposure in the building. The data show that the emergency works were eective in keeping worker exposures at low levels. It should be noted that this study was conducted over a limited time period of 9 months and cannot address any longer term trends. However, our concentrations are comparable to those found by Martinon et al. (1994) , after remedial action onto ACM. Their study showed a signi®cant decrease in airborne asbestos level between 1975 (Bignon et al., 1989) and 1989 after a partial remedial action done between 1977 and 1989. They also found a general low level of pollution and except for a few samples, all measurements were of the same order of magnitude as the outside airborne asbestos levels. Unfortunately, except for sample``5354510A'', our study began just after the emergency works, so that we do not know the level of the asbestos pollution in air before the works. The low asbestos levels and the dierence between the nature of the ACM and the nature of the airborne ®bers, con®rm the hypothesis that the mean measured contents represent, for these eight areas, studied after emergency works designed to isolate as much as possible working places from the ACM, the background of chrysotile asbestos ®bers characteristic of the Parisian air.
